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Abstract of EP1 422497 

An inclination-measuring apparatus for use with a 
motor vehicle includes a rotary sensor connected 
to the motor vehicle, the rotary sensor selected 
from one of a rotary position sensor and a rotary 
angle sensor, a pendulum and a controller. The 
pendulum has a pendulous mass being oriented 
to hang substantially aligned with the earth's 
gravitational forces. The movement of the 
pendulum providing an input to the rotary sensor 
to generate a signal to ascertain the inclination of 
the vehicle relative to the earth's gravitational 
forces. The signal is processed by the controller 
that is operatively connected to control one of an 
electric park brake, a chassis leveling device 
while parked, a lateral inclination device while the 
vehicle is operational and a longitudinal 
inclination device while the vehicle is operational. 
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(54) Inclination-measuring device 



(57) An inclination-measuring apparatus for use 
with a motor vehicle includes a rotary sensor connected 
to the motor vehicle, the rotary sensor selected from one 
of a rotary position sensor and a rotary angle sensor, a 
pendulum and a controller. The pendulum has a pendu- 
lous mass being oriented to hang substantially aligned 
with the earth's gravitational forces. The movement of 



the pendulum providing an input to the rotary sensor to 
generate a signal to ascertain the inclination of the ve- 
hicle relative to the earth's gravitational forces. The sig- 
nal is processed by the controller that is operatively con- 
nected to control one of an electric park brake, a chassis 
leveling device while parked, a lateral inclination device 
while the vehicle is operational and a longitudinal incli- 
nation device while the vehicle is operational. 
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Description 

BACKGROUND AND SUMMARY OFTHE INVENTION 

[0001] Devices for measuring the inclination of ob- 
jects are known in the art. The most common Inclination- 
measuring device is a level vial having a liquid and an 
air bubble enclosed in a tube. The tube is configured so 
that the bubble floats to the center of the tube when the 
level vial is placed on a level surface and floats to the 
sides of the tube when the vial is placed on an inclined 
surface. 

[0002] A major deficiency of this type of device is that 
it only provides a visual indication of the inclination of 
the object Another shortcoming of this device is that it 
does not provide an output signal suitable for input to 
other devices such as a controller. 
[0003] Various devices have been developed in an at- 
tempt to solve this problem. For example, electrolytic 
levels are used as inclination measuring devices by par- 
tially submerging electrodes in an electrolyte liquid. As 
the electrolytic level is tilted, the amount of contact be- 
tween the electrodes and the electrolyte liquid increases 
or decreases, thus changing the conductivity of the elec- 
trodes. This change in conductivity is converted to a sig- 
nal representative of the inclination of the object. Unfor- 
tunately, this device is sensitive to temperature changes 
due to the expansion and contraction of the electrolyte 
liquid. Additionally, the sensitivity of the device can 
change overtime if electrolysis or evaporation reduces 
the amount of electrolyte in the vial. 
[0004] Inclination is also measured by using a low-g 
Micro Electro-Mechanical System (MEMS) accelerom- 
eter. Two types of MEMS are currently used. One is 
based on thermal sensing technology and the other is 
based on capacitive sensing technology. Both of these 
technologies are extremely sensitive to variations in am- 
bient temperature. Extreme measures must be taken to 
calibrate and compensate these sensors for use in an 
automotive environment Sensor data collected during 
the calibration process from the MEMS is used with a 
temperature-compensating algorithm in conjunction 
with an Electronic Control Unit (ECU) micro-controller. 
The micro-controller performs complex calculations 
and/or table look-ups to convert the acceleration signal 
into the corresponding inclination. This can be very time 
consuming when using small micro-controllers because 
of the lack of floating point math capabilities. 
[0005] A number of contact sensors have also been 
proposed for use with inclinometers. One such contact 
sensor is a potentiometer slider with electrical means. 
With time, the slider surface wears or corrodes affecting 
its reliability and thus, contact sensors have not been 
used extensively in automotive applications. 
[0006] Pendulum -activated devices have also been 
proposed to solve this problem. In general, they are sim- 
ple and easy to fabricate. For example, US Patent No. 
4,426,788 teaches the movement of a pivotally mounted 



pendulum to display a visual inclination indication. This 
device does not provide an electrical signal represent- 
ative of inclination angle. Other pendulum-activated de- 
vices are disclosed in US Patent Nos. 4,887,359; 
5 5,285,031 ; and 5,821 ,41 9. Each of these devices uses 
an electrically conductive pendulum to control the elec- 
trical current through an open and close switch assem- 
bly for connection with associated circuitry of a motor 
vehicle. However, these devices do not provide an elec- 
10 trical signal that varies with the inclination of the motor 
vehicle and each uses electrical contacts that can be- 
come corroded which does affect its reliability. 
[0007] Thus, there is a need for a pendulum-activated 
device that uses a non -contacting rotary sensor and pro- 
fs vides an electrical signal that varies with inclination, 
which is reliable, temperature insensitive, inexpensive, 
and easy to fabricate. 

[0008] The present invention provides an inclination 
measuring device for a motor vehicle that includes a 

20 pendulum attached to the vehicle and a rotary sensor 
adjacent the pendulum and operatively connected 
thereto which is contact-less and produces a signal in 
response to the inclination of the vehicle. 
[0009] From the foregoing and the following more de- 

25 tailed description of various preferred embodiments it 
will be apparent to those skilled in the art that the present 
invention provides a significant advance in the technol- 
ogy of inclination measuring devices. Particularly signif- 
icant in this regard is the potential the invention affords 

30 for providing a high quality, easy to package, tempera- 
ture insensitive, reliable, light weight, compact, and low 
cost inclination measuring device for use in a motor ve- 
hicle. Additional features and advantages of various 
preferred embodiments will be better understood in view 

35 of the detailed description provided below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] These and further features of the present in- 
40 vention will be apparent with reference to the following 
description and drawings, wherein: 
[0011] FIG. 1 shows a simplified side-view represen- 
tation of a motor vehicle with a partial cut-away showing 
the inclination-measuring device according to the 
45 present invention with the body-works separated from 
the chassis having suspension components; 
[0012] FIG. 2 is a side view of the inclination-measur- 
ing device with a pendulum, magnet and flux concen- 
trator, and non -contact rotary sensor according to one 
50 aspect of the present invention; 

[001 3] FIG. 3 is a cross-sectional view of an optional 
embodiment of the inclination-measuring device includ- 
ing a housing enclosing a pendulum, magnet, flux con- 
centrator and a non-contact rotary angle sensor accord - 
55 ing to another aspect of the present invention; 

[0014] FIG. 4 is a cross-sectional view of a still anoth- 
er aspect of the inclination-measuring device including 
a housing enclosing a pendulum and a non-contact ro- 
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tary position sensor according to the present invention; 
[0015] FIG. 5 is a simplified side-view representation 
of a motor vehicle showing the inclination-measuring 
device according to the present invention adapted for 
use with an electric park brake; 
[001 6] FIG. 6 is a schematic representation of the in- 
clination-measuring device adapted for use with an 
electric park brake system with a cable actuator; 
[0017] FIG. 7A is a schematic representation of one 
version of the cable actuator of FIG. 6; 
[0018] FIG. 7B is a schematic representation of an- 
other version of the cable actuator of FIG. 6; 
[0019] FIG. 8 is a simplified side view representation 
of a recreational motor vehicle with a partial cut-away 
showing the inclination-measuring device adapted for 
use with a vehicle-leveling system when parked on an 
irregular surface according to another aspect of the 
present invention; 

[0020] FIG. 9A is a simplified representation of the 
jack stand/outrigger assembly in FIG. 8; 
[0021] FIG. 9B is a simplified representation of one 
version of the power unit used for the leveling device in 
FIG. 8; 

[0022] FIG. 9C is a simplified representation of anoth- 
er version of the power unit for the leveling device in 
FIG. 8; 

[0023] FIG. 10 is a bottom view of FIG. 8; 
[0024] FIG. 1 1 shows a simplified side-view schemat- 
ic representation of a motor vehicle with the inclination- 
measuring device according to the present invention 
adapted for use with the vehicle suspension system to 
controi the motor vehicle inclination laterally and longi- 
tudinally during operation; 

[0025] FIG. 12A shows a simplified rear-view repre- 
sentation of a motor vehicle on a level surface with the 
inclination-measuring device of FIG. 11 ; and 
[0026] FIG. 12B shows a simplified rear-view repre- 
sentation of a motor vehicle on an inclined surface with 
the inclination-measuring device of FIG. 11 . 
[0027] It should be understood that the appended 
drawings are not necessarily to scale, presenting a 
somewhat simplified representation of various preferred 
features illustrative of the basic principles of the inven- 
tion. The specific design features of the inclination- 
measuring apparatus as disclosed herein, including, for 
example, specific dimensions, orientations, and shapes 
of the housing and pendulum will be determined in part 
by the particular intended application and use environ- 
ment. Certain features of the illustrated embodiments 
have been enlarged or distorted relative to others to fa- 
cilitate visualization and clear understanding. In partic- 
ular, thin features may be thickened, for example, for 
clarity or illustration. All references to direction and po- 
sition, unless otherwise indicated, refer to the orienta- 
tion of the inclination-measuring apparatus illustrated in 
the drawings. In general, up or upward refers to an up- 
ward direction in the plane of the paper in FIGS. 1-5, 8, 
1-1, 12A and 12B and down or downward refers to a 



downward direction in the plane of the paper in FIGS. 
1-5, 8,11, 12A and12B. 

DETAILED DESCRIPTION OF CERTAIN PREFERRED 
5 EMBODIMENTS 

[0028] It will be apparent to those skilled in the art, 
that is, to those who have knowledge or experience in 
this area of technology, that many uses and design var- 

10 iations are possible for the improved inclination-meas- 
uring device disclosed herein. The following detailed 
discussion of various alternative and preferred embod- 
iments will illustrate the general principles of the inven- 
tion with reference to an inclination-measuring device 

15 for use in a motor vehicle. The inclination-measuring de- 
vice is also illustrated for use with a motor vehicle elec- 
tric brake system, a vehicle-leveling system that in- 
cludes a jack stand/outrigger system and a body works- 
leveling system comprising a lateral leveling system and 

20 a vehicle fore and aft or longitudinal leveling system. 
Other embodiments suitable for other applications will 
be apparent to those skilled in the art given the benefit 
of this disclosure. 

[0029] The inclination-measuring apparatus dis- 

25 closed herein is designed for use with a motor vehicle, 
such as an automobile, according to a preferred embod- 
iment of the present invention. While the illustrated em- 
bodiments of the present invention are particularly 
adapted for use with an automobile, it is noted that the 

30 present invention can be utilized with any motor vehicle 
including trucks, buses, motorized coaches, vans; rec- 
reational vehicles, campers, personnel carriers, earth 
moving equipment and the like, and off-road vehicles 
such as dune buggies, golf carts, sport utility vehicles, 

35 industrial equipment and the like. 

[0030] As best shown in FIG.1 , the inclination-meas- 
uring apparatus, according to the present invention, is 
designated by the numeral 100 and is adapted for use 
with motor vehicle 1 and includes pendulum 20, and a 

40 non-contact rotary sensor 40. Vehicle 1 has a number 
of known components including but not limited to, for 
example, a plurality of wheels 2, bodyworks or frame 4, 
chassis 6, upright or vertical structure 7, suspension 
system 8 and horizontal plane 10 defined by the axis of 

45 wheels 2 when disposed on a substantially horizontal 
planar and non-inclined surface. When the motor vehi- 
cle 1 is on an inclined surface, the vehicle forms an angle 
a with a longitudinal axis of the vehicle and the ground 
11 and an angle (3 with a lateral axis of the vehicle and 

50 the ground 11. 

[0031] The inclination-measuring device 100 includes 
pendulum 20, as illustrated in FIG. 2, which has a gen- 
erally longitudinal member extending from one end 21 
toward another or opposite end 29. One end 21 has a 

55 portion with an aperture 22 on one side of pendulum 20 
and a pivot shaft 24 formed on the other side which is 
generally aljgned along longitudinal axis 27 and gener- 
ally extending normal to longitudinal axis 27 to enable 
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pendulum 20 to move about pivot shaft 24. The pivot 
shaft 24 is axially aligned with an axis passing through 
aperture 22 as defined by axis 25 of pivot shaft 24. An- 
other end 29 has a pendulous mass 26 below pivot axis 
24, which has sufficient mass to permit movement or 
oscillation of pendulum 20 as is well known in the art. 
One end or pivot shaft 24 is inserted into a hole in the 
upright structure 7 in chassis 6 so that in one condition, 
such as when the vehicle is in a non-inclined condition, 
pendulum 20 hangs generally vertically down and is 
drawn by its weight in the direction toward the center of 
the earth. In this condition, longitudinal axis 27 is nor- 
mally aligned with the earth's gravitational forces 1 2 and 
hangs normal to horizontal plane 10. Mass 26 induces 
movement of pendulum 20 about shaft axis 25 in re- 
sponse to gravitational forces such as in another condi- 
tion when the vehicle 1 is parked on an incline. Option- 
ally, a low friction bearing 28 is disposed in a hole (not 
shown) in structure 7 and around shaft 24 to reduce fric- 
tion between pivot shaft 24 and the hole such as when 
the pendulum oscillates in a known manner. The bearing 
is made of a lubricious material such as, by way of non- 
limiting example, Teflon or similar low friction material. 
Thus, the pendulum is free to move or oscillate about 
axis 25 in response to changes in inclination of motor 
vehicle 1 , such as, for example, when the longitudinal 
axis 27 is no longer normal to horizontal plane 10. 
[0032] Those skilled in the art will recognize that the 
pendulous mass must be sufficiently large or heavy to 
hang generally vertically down in one condition and in 
another condition to generate sufficient torque to over- 
come any frictional resistance between the rotating and 
no n rotating components so as to swing freely. Prefera- 
bly, pendulum is made of a non-magnetic material, such 
as for example, aluminum, magnesium, brass, zinc or a 
composite material. Alternatively, the pivot shaft 24 may 
be eliminated in pendulum 20 and a smaller aperture 
24a formed in a portion of one end 21 so that the aper- 
ture 24a has a central axis 25a that is aligned with ap- 
erture 22 for a purpose to be described later on herein. 
[0033] Pendulum 20 optionally includes a magnet 
member 30 that is secured in aperture 22. The illustrated 
magnet 30 is a ring type. Such ring type magnets are 
available from Arnold Engineering Company of Maren- 
go, Illinois or Electrodyne Company of Batavia, Ohio. 
The ring magnet has an outer diameter that coopera- 
tively engages the inner diameter of aperture 22 by any 
conventional means, such as, for example, a suitable 
adhesive or fastener. The thickness and width of the ring 
will vary with the specific application. The magnet gen- 
erates a magnetic field in a known manner. Further op- 
tionally, a flux concentrator 32 may be employed to en- 
hance the strength and direction of the magnetic field of 
a Hall sensor or device and is disposed in aperture 22 
as will be discussed later on. 
[0034] Rotary sensor 40 is a non-contacting type, 
which when activated, generates an output voltage sig- 
nal. A non-contacting sensor is defined a sensor which 



measures relative movement between components 
without rubbing contact with each other to generate a 
signal in response to such relative movement. The sen- 
sor 40 is mounted to vehicle 1 adjacent pendulum 20 so 

5 as to be positioned adjacent rotary shaft 24 which is near 
the plane of oscillation of pendulum 20 as pendulum 20 
is urged by gravity toward the center of the earth. In this 
position, sensor 40 has a measuring plane 45 that is po- 
sitioned in its normal operating condition. When urged 

10 by gravity, the pendulum 20 oscillates about axis 25 or 
alternatively about axis 25a as appropriate, and is urged 
by gravity from a position that is normal to horizontal 
plane 10 and the measuring plane so that a signal is 
generated that varies with the oscillation of the pendu- 

15 lum relative to the measuring plane. A control module 
or controller 1 4 interprets the output voltage signal from 
sensor 40. 

[0035] In practicing the invention, the rotary sensor 
can be a rotary angle sensor 42 or alternatively, a rotary 

20 position sensor 44. Rotary angle sensors 42 are well 
known and include by way of non-limiting examples: a 
Model R60D RVIT DC-operated rotary variable induct- 
ance transducer manufactured by Schaevitz Sensors of 
1 000 Lucas Way, Hampton, VA 23666 as described at 

25 www.schaevitz.com and incorporated herein by refer- 
ence; a Rotary Capacitive Displacement Transducer 
Angle Sensor that is manufactured by RPD Electro- 
sense of 2216 Pottstown Pike, Pottstown, PA 19465 as 
described at www.rpdelectrosense.com and incorporat- 

30 ed herein by reference; and a Series 600 Angular Dis- 
placement Transducer that uses differential capacitors 
and is manufactured by Trans-Tek Incorporated of 
Route 83, P.O. Box 338, Ellington, CT 06029 as de- 
scribed at www.transtekinc.com and incorporated here- 

35 in by reference. Rotary position sensors 44 are activated 
by magnets and are well known in the prior art. Rotary 
position sensors include by way of non-limiting exam- 
ples: a HMC 1501/1 512 Angular/Rotary Position Sensor 
that is a magnetoresistive sensor and manufactured by 

40 the Solid State Electronics Center of Honeywell Mag- 
netic Sensors of Plymouth, MN 55441 as described at 
www.ssec.honeywell.com and incorporated herein by 
reference; and a Model MLX90215 Programmable Lin- 
ear Hall-Effect Sensor manufactured by Melexis of 41 

« Locke Road, Concord, NH 03301 as described at www. 
melexis.com and incorporated herein by reference. Oth- 
er sources for Hall-Effect sensors are Allegro Microsys- 
tems, Micronas and Honeywell. 
[0036] When using a rotary angle sensor 42, the sen- 

50 sor is fixedly mounted in an aperture in the upright struc- 
ture 7 so that the rotor of sensor 42 extends along its 
axial axis normal to the surface of structure 7. The rotary 
angle sensor 42 is inserted into aperture 52a and the 
shaft of the sensor is inserted into aperture 24a in pen- 

55 dulum 20. In this position, the axis of the shaft of sensor 
42 and the axis of aperture 42a are aligned. When pen- 
dulum 20 moves, it rotates the shaft of sensor 42. The 
movement of the shaft of sensor 42 by the pendulum is 
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converted by conventional electronic circuitry to pro- 
duce a DC voltage output signal that is proportional to 
the shaft angular displacement of the sensor in a well- 
known manner. When using a rotary position sensor 44, 
pendulum 20 is pivotally mounted about shaft 24 adja- 5 
cent but spaced from sensor 44 and magnet 30 as de- 
scribed earlier. In practicing the present invention, the 
rotary position sensors described herein are more com- 
monly identified as magnetic field strength and magnetic 
field direction sensors which have been adapted for use 
in the present invention as position sensors. Sensor 44 
is activated when the lines of magnetic field, formed by 
magnet 30 in a known manner, move or oscillate relative 
to the measuring plane 45 of the sensor so that the sen- 
sor generates an output voltage signal. A magnetore- 
sistive sensor measures magnetic field direction and a 
Hall Effect sensor measures magnetic field strength. 
The output voltage signal of sensor 40 is processed by 
the controller that sends an appropriate signal to a ve- 
hicle control device 90 or alternatively to a display de- 
vice (not shown) mounted on the dashboard of the ve- 
hicle (not shown). 

[0037] Optionally, it may be desirable to protect pen- 
dulum 20 and sensor 44 from debris, dirt and corrosion 
with housing 50 as shown in FIG 3. The illustrated hous- 
ing is formed with an internal cavity 52 and is longitudi- 
nally elongated to accommodate the oscillation of pen- 
dulum 20 therein. Housing 50 includes a first or longitu- 
dinally extending wall, a top wall 51 , a bottom wall 59 
and a pair of sidewalls. A cavity 54 is formed in the first 
wall. Housing 50 has pair of locating pins 53 that extend 
from the first wall to facilitate mounting the housing to 
chassis 6 or upright structure 7. Cover 58 encloses the 
cavity 52 to protect pendulum 20 and sensor 44. Pref- 
erably, the housing is made of thermoplastic, thermoset 
plastic, aluminum or other non-conducting, non-mag- 
netic metal or polymer or composite material. 
[0038] As shown in FIG.4, when rotary angle sensor 
42 is used in practicing the invention, the body of rotary 
angle sensor is disposed in cavity or aperture 54a of 
housing 50. The axial shaft of sensor 42 is aligned with 
central axis 25 of shaft 24. Sensor 42 is fastened in cav- 
ity 52 in the first wall by conventional fastening methods. 
Sensor 42 has electrical terminals or leads (not shown) 
that extend from the body of the sensor through a hole 
(not shown) in the first wall to the exterior of housing 50. 
The pendulum 20 is conventionally attached to the rotor 
of sensor 42, as described earlier, to rotate about the 
shaft of the sensor and shaft 24 as will be described later 
on. Optionally, sensor 42 may be used with pendulum 
20 without the use of housing 50 and in this event, sen- 
sor 42 is conventionally fastened to chassis 6 or upright 
structure 7. 

[0039] Returning back to FIG. 3, when a rotary posi- 
tion sensor 44 is used in practicing the invention, a print- 
ed circuit board is disposed in aperture 54b in the first 
wall and fastened thereto by conventional fastening 
methods. Sensor 44 has electrical terminals that extend 



8 

from the circuit board 55 through a hole in the first wall 
to the exterior of housing 50. Sensor 44 is mounted to 
housing 50 so as to be aligned with axis 25 to allow the 
magnet and pendulum to move in close proximity to the 
body of sensor 44. The interior surface of cover 58 has 
a pilot bore 57. Pivot shaft 24 is inserted into the bore 
57 to permit pendulum to move or oscillate about shaft 
axis 25. Ring magnet 30 is positioned adjacent but 
spaced apart from the first wall. Optionally, sensor 44 is 
fastened to the electrical terminal or control board. The 
measuring plane 45a of sensor 44 extends normal from 
the electrical terminal and the first wall toward pendulum 
20 but spaced away therefrom and centrally with shaft 
axis 25. 

[0040] Flux concentrator 32 is inserted into aperture 
22a so that it surrounds sensor 44 and is connected to 
the pendulum 20 by conventional means but it is in close 
proximity but spaced away from sensor 44. Optionally, 
a low friction bearing 28a is inserted into bore 57 to re- 
duce friction between shaft 24 and bore 57. Bearing 28a 
is preferably made of a lubricious material such as Te- 
flon or other similar low friction material suitable for the 
application. To reduce the amplitude of the oscillation of 
pendulum 20, a dampening member is used. One such 
dampening member is a pair of pads 56a formed ofa 
visco-elastic material, for example, a natural or synthetic 
elastomer, such as for example, butyl rubber. Each pad 
56a is attached to one of the sides of pendulous mass 
26 to prevent mass from contacting the sidewalls of the 
housing. Alternatively, the dampening material is a liquid 
56b such as natural or synthetic oil that is disposed in 
the cavity 52 near the pendulous mass 26. When the 
amplitude of the pendulum causes the mass to oscillate 
toward one or both side walls of the housing, the damp- 
ening member prevents contact with the side walls and 
reduces the amplitude of the swing of the mass, such 
as for example, when one of the wheels of the motor 
vehicle hits an obstruction or a pot hole. 
[0041] In operation, the pendulum 20 is fastened to 
the chassis or other structure such as for example, up- 
right structure 7 with the motor vehicle in a parked con- 
dition and a non-inclined position that the horizontal 
plane of the vehicle is normal to the ground and normal 
to the earth's gravitational forces. Optionally, the pen- 
dulum is disposed in housing 50 and the housing is at- 
tached to vertical structure 7 or any other suitable sup- 
port structure in the motor vehicle. I n this condition , pen- 
dulum 20 and sensor 40 are in a non-activated or normal 
operating condition, that is, the pendulum is not rotating 
about its axis and not angularly disposed relative to the 
measuring plane of the sensor. Thus, the pendulum 
does not activate the measuring plane of the sensor, as 
the longitudinal axis of the pendulum is normal to the 
horizontal plane, aligned with the earth's gravitational 
forces and normal to the measuring plane 45, 45a re- 
spectively. When the vehicle is on an inclined surface, 
the longitudinal axis of the pendulum rotates the shaft 
of rotor of sensor 42 relative to the measuring plane 45a 
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to produce a signal that is processed by the controller 
14 for a purpose to be described later on. Alternatively, 
sensor 44 is activated when the longitudinal axis of the 
pendulum moves angularly with respect to the measur- 
ing plane 45 of sensor 44. The movement of the magnet 
in the pendulum causes the magnetic field to move in 
close proximity to sensor 44 so that it generates an out- 
put voltage signal that is interpreted by controller 14. 
[0042] In another embodiment of the inclination- 
measuring device or inclinometer 100, the device can 
be advantageously used to adjust the force applied to 
an electric park brake 60 as shown in FIGS. 5, 6, 7A and 
7B. It is known in the art to provide electric-motor driven 
brake systems. For example, see U.S. Patent Nos. 
4,281,736, 4,561,527, 4,629,043, 4,795,002, 
4,865,165, 5,004,077, 5,180, 038, 5,485,764, 
5,542,513, and 5,590,744 which each disclose an elec- 
tric motor-driven brake system, the disclosures of which 
are expressly incorporated herein in their entirety by ref- 
erence. Electric park brake 60 includes a cable actuator 
63 including electric motor 64 with an output shaft, a 
transmission 66 with a lead screw coupled to the shaft 
for operative movement therewith and of cable tension- 
ing device 69and a brake device having a pair of brake 
calipers 62 that are connected to the cable to apply a 
tension force to set the brakes. Controller 14 actuates 
the electric park brake. When applying the brakes, the 
control module is adapted to stop the rotation of the elec- 
tric motor when a predetermined tension signal is 
sensed in the cable. Cable tension is determined by 
measuring cable travel using a positive encoder or mo- 
tor current using a shunt Cable actuator 63 measures 
and controls cable tension indirectly with position sensor 
65A, as shown in FIG. 7A and in US Patent Application 
No. 09/728,174, filed on December 1 , 2000, the disclo- 
sure of which is expressly incorporated herein. Alterna- 
tively, cable actuator 63 measures cable tension directly 
with force sensor 65B, as shown in FIG. 7B and in US 
Patent Application No. 09/974,133, filed on October 9, 
2001 , the disclosure of which is expressly incorporated 
herein. 

[0043] Normally, when the motor vehicle is parked or 
stopped on a level or non-inclined surface, the electric 
park brake is only partially applied at some minimum lev- 
el of tension or force in the brake cable attached to each 
of the brake calipers 62. However, when the vehicle is 
parked or stopped on an inclined surface, the level of 
tension or force in the brake cable must be increased to 
a sufficient level to maintain or bold the vehicle at that 
inclined level or grade to prevent the vehicle from mov- 
ing or rolling. Alternatively, the force level applied to the 
brake cable may be made adjustable with increasing 
grade or inclination level or proportional to the grade or 
one or more force levels sufficient to set the brake force 
to different levels of vehicle inclination. 
[0044] Inclination-measuring device 100 produces a 
signal that is proportional to the inclination of the vehicle 
and is useful in adjusting the force applied to the brake 
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calipers 62. Thus, as pendulum 20 rotates the shaft of 
sensor 42 relative to the measuring plane to produce a 
signal or alternatively sensor 44 is activated when the 
longitudinal axis of the pendulum moves angularly rela- 

5 tive to the measuring plane of sensor 44 to produce a 
signal. The signal is processed by the controller 14 
which sends a signal to cause the electric park brake 60 
to apply a force or tension in the brake cable and to the 
brake calipers in response to the inclination of the vehi- 

10 cle on the grade or incline. As stated earlier, the force 
is adjustable in response to the inclination of the vehicle, 
or optionally, in proportion to the inclination of the vehi- 
cle. Alternately, the force to the brake cable can be set 
at multiple inclination threshold force levels depending 

15 on the vehicle inclination or varied by a fixed constant 
or variable relationship depending on the inclination of 
the vehicle. 

[0045] By applying the park brake to a vehicle with an 
inclination appropriate load, the durability of the park 

20 brake actuator and the electric park brake assembly is 
improved. Another benefit of the present invention is 
that by applying an inclination appropriate load or ten- 
sion allows the park brake to release faster when the 
vehicle is parked or stopped on a level surface. If the 

25 vehicle is equipped with a drive-away-release function 
in the park brake system in a known manner, the drive- 
away- release function reduces brake drag and it reduc- 
es the possibility of vehicle rollback. During operation of 
a drive-away-release device, the controller 14 detects 

30 conditions in the electric park brake through other sen- 
sors that indicate when the driver is attempting to drive 
away and releases the electric park brake in a well- 
known manner. 

[0046] In yet another embodiment of the present in- 

35 vention, an inclination signal is produced by the device 
1 00 which is useful in a vehicle-leveling device 80 such 
as a stabilizing apparatus including a jack stand/outrig- 
ger assembly 70 adapted for use with vehicle 1 . Assem- 
bly 70 is advantageously used by of non-limiting exam- 

40 pie, a motor home or camper to level and stabilize the 
vehicle when the vehicle is parked on irregular terrain 
preparatory to camping or similar activity as shown in 
FIGS. 8, 9A, 9B, 9C and 10. Such stabilizing devices 
are disclosed in US Patent NOS. 4,784,400 and 

45 4,887,359, the disclosures of which are incorporated 
herein by reference by their entirety. Vehicle I is 
equipped with a plurality of jack stand assemblies 70 at 
suitable locations of the vehicle. Each assembly 70 has 
a leg and includes a toothed rack 74, a plurality of dou- 

50 ble-acting power units 76 for extension or retraction of 
each leg and base plate 76, control means 78 for con- 
trolling each of the power units 75, a plurality of control 
switches operable with the control means 78, ON-OFF 
switch 16 connected to the control means and a pair of 

55 inclination-measuring devices 100 connectection the 
controller 14. The power units may be powered by elec- 
trically or alternately powered by a by fluid. The electri- 
cally powered unit includes an electric motor 77 with a 
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pinion gear to engage a toothed rack 74 for extension 
or retraction of each leg as is well known in the art. Al- 
ternately, the fluid powered unit 75 includes a rotary hy- 
draulic motor or rotary pneumatic motor 79 with a pinion 
gear to engage toothed rack 74 for the extension or re- 
traction of each leg as is known in the art or a rotary 
pneumatic. Rotary hydraulic motors are conventional 
and available from Hoerbiger of Germany or Power 
Packer of Germany. Rotary pneumatic motors are con- 
ventional and known in the art. Each of the power units 
75 is powered by a suitable power source, such as for 
example, fluid or electricity as is appropriate in a known 
manner. At least one inclination-measuring device is lo- 
cated on a lateral plane of the vehicle when it is parked 
on a level surface such as by way of non-limiting exam- 
ple, the lateral bumper of the vehicle. At least one other 
device is located on a vertical plane of the vehicle when 
it is parked on a level surface which is normal to a hor- 
izontal plane 1 0, such as by way of non-limiting exam- 
ple, a vertical or upright member 7 of the vehicle. Alter- 
natively, both devices can be located within the control 
unit provided that the control unit is appropriately orient- 
ed in the motor vehicle. 

[0047] In use of the jack stand assemblies, the motor 
vehicle operator selects a likely camping site and parks 
the vehicle. ON-OFF switch 16 is energized and this 
causes a signal to be sent to controller 14. Each of the 
jack stand assemblies 70 is activated by a signal from 
controller 14 to control means 78 in a known manner to 
engage ground 1 1 . In the event that the vehicle is parked 
on an inclined or irregular surface, signals responsive 
to the inclination of the vehicle from device 1 00, as de- 
scribed in an earlier embodiment, are processed by the 
controller 14 to operate control means 78 so that each 
jack assembly 70 is extended or retracted until a level 
condition is achieved in a lateral plane of the vehicle and 
a longitudinal plane of the vehicle. Before moving the 
vehicle, the operator retracts each of the jack assem- 
blies 70 to a non-operable condition. 
[0048] In still yet another embodiment of the present 
invention, the inclination-measuring device 100 has an- 
other advantageous use to provide a signal represent- 
ing the longitudinal inclination a and lateral inclination p 
of vehicle 1 for the control of the attitude of the relative 
to the ground 11 during operation of then vehicle as 
shown in FIGS. 11, 12A and 12B. In this embodiment, 
the vehicle-leveling device includes a body-leveling de- 
vice 90. 

[0049] Body leveling device 90 has at least one hy- 
draulic actuator 82 for longitudinal control of the vehicle 
and at least one hydraulic actuator 84 for lateral control 
of the vehicle. Hydraulic actuators 82, 84 are identical 
and each includes a reservoir 17 for hydraulic fluid, a 
pump 1 5 connected to the reservoir, a plurality of control 
valves (not shown) connected to the pump, variable ex- 
tension elements connected to the control valves and a 
plurality of hydraulically actuated ride control devices 
with variable extension elements are connected to as- 
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sist their respective suspension component of system 8 
in a known manner. Each ride control device is connect- 
ed to the body 4 and the chassis 6 to assist a conven- 
tional hydraulic suspension component of system 8 in 

5 controlling the longitudinal inclination angle a of chassis 
6 relative to the ground 1 1 during operation of the motor 
vehicle. By way of non-limiting examples, body leveling 
device 90 may be used advantageously when the 
weight of a trailer on the rear bumper of a motor vehicle 

10 causes the front end of the vehicle to pitch upwardly rel- 
ative to the rear bumperto control the longitudinal angle 
a. Similarly, device 90 is used to control the lateral angle 
p relative to the ground 1 1 in the event of a lateral load 
shift in the vehicle or trailer during its operation which 

is can cause the chassis 6 to pitch to one side relative to 
another side in a known manner. Alternatively, body-lev- 
eling device 80 may use electric actuators and switches 
to operate electrically actuated variable extension ele- 
ments in a known manner to control the longitudinal and 

20 lateral inclination or attitude of the chassis relative to the 
body. Further optionally, body-leveling device 90 may 
employ a pneumatic actuatorto operate a pneumatic ac- 
tuated variable extension element to control longitudinal 
and lateral attitude of the vehicle during operation. 

25 [0050] In operation, one inclination-measuring device 
1 00 produces a signal that is proportional to the inclina- 
tion of the vehicle and activates body-leveling device 90 
in order to control the longitudinal attitude of the chassis 
relative to the body. Alternately, another device located 

30 on lateral plane of the motor vehicle produces a signal 
to activate body-leveling device 80 in order to control 
the lateral attitude of the chassis relative to the body. 
Thus, in response to a longitudinal inclination of the ve- 
hicle, pendulum 20 rotates the snaft of sensor 42 to pro- 

35 duce a signal or alternatively sensor 44 is activated 
when the longitudinal axis of the pendulum moves an- 
gularly relative to sensor 44 and the normal operating 
position of the sensor to produce a signal. The signal is 
processed by the controller 14 that sends a signal to 

40 cause body-leveling device 90 to adjust the longitudinal 
angle a toward a non-inclined longitudinal attitude. Al- 
ternatively, a signal is processed by the controller that 
sends a signal to cause body-leveling device 80 to ad- 
just the lateral angle b toward a non-inclined lateral at- 

45 titude. The signal from the controller may be in response 
to the inclination of the vehicle due to its operation on a 
grade or an inclined surface or in proportion to the lon- 
gitudinal inclination of the vehicle or in proportion to a 
shift in lateral inclination due to the operation of the ve- 

50 hide on an uneven or irregular surface or due to a lateral 
shift in load in the vehicle or trailer during its operation. 
Alternately, the signal may be triggered in response to 
an inclination threshold level, either longitudinal or lat- 
eral, depending on the vehicle inclination or varied by a 

55 fixed constant or variable relationship depending on the 
inclination of the vehicle. 

[0051 ] From the foregoing disclosure and detailed de- 
scription of certain preferred embodiments, it will be ap- 
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parent that various modifications, additions and other al- 
ternative embodiments are possible without departing 
from the true scope and spirit of the present invention. 
For example, it will be apparent to those skilled in the 
art, given the benefit of the present disclosure, that the 5 
inclination measuring device can each have many dif- 
ferent configurations and can be formed in many differ- 
ent manners such as the pendulum may be formed of a 
weight/mass suspended from wires, or the sensor may 
be mounted in the controller 14. The embodiments dis- 
cussed were chosen and described to provide the best 
illustration of the principles of the present invention and 
various practical application to thereby enable one of or- 
dinary skill in the art to utilize the invention in various 
embodiments and with various modifications as are suit- 
ed to the particular use contemplated. For example an 
optical measuring device can be used instead of the 
sensors described herein. All such modifications and 
variations are within the scope of the present invention 
as determined by the appended claims when interpreted 
in accordance with the benefit to which they are fairly, 
legally, and equitably entitled. 



Claims 

1 . An inclination measuring apparatus adapted for 
use with a motor vehicle, the apparatus comprising, 
in combination: 

a rotary position sensor having a measuring 
plane; 

a pendulum member adjacent to the sensor, the 
pendulum member having a pendulous mass 
and a portion forming an aperture; 35 
means for pivoting the pendulum member so 
that in one condition, the weight of the pendu- 
lous mass is drawn in the direction toward the 
center of the earth by the earth's gravitational 
forces and aligned with the measuring plane of 40 
the sensor; 

a magnetic member disposed in the aperture 
so that in another condition, the magnetic mem- 
ber activates the rotary position sensor when 
the pendulum member is angularly displaced 45 
relative to the measuring plane of the sensor to 
generate a signal that varies with the inclination 
of the pendulum relative to the measuring 
plane; and 

a controller to process the signal, the controller so 
activating one of an electric parking brake and 
a vehicle-leveling device. 

2. The apparatus as claimed in claim 1 wherein the 
rotary position sensor is one of a Hall programma- 55 
ble sensor, and a magnetoresistive sensor. 

3. The apparatus as claimed in claim 1 wherein the 



electric parking brake having at least one brake cal- 
iper, the controller being operable to apply an ad- 
justable force to the brake caliper to set the parking 
brake. 



8. The device as claimed in claim 1 wherein the ro- 
tary position sensor being a Hall programmable 
sensor and further comprising: 

a magnetic flux concentrator adjacent to the 
magnetic member. 

9. The device as claimed in claim 1 wherein the ve- 
hicle-leveling device being operable by the control- 
ler to level and stabilize the vehicle when located 
on irregular ground. 

10. The device as claimed in claim 1 wherein the 
vehicle-leveling device being operable by the con- 
trollerto adjust one of the longitudinal and the lateral 
inclination of the chassis relative to the earth's grav- 
itational forces while the motor vehicle is operation- 
al. 

11. The device as claimed in claim 1 wherein the 
vehicle-leveling device being operable by the con- 
troller to adjust one of the lateral inclination and lon- 
gitudinal inclination of the vehicle relative to one of 
the horizontal plane and the earth's gravitational 
forces. 

12. The device as claimed in claim 1 wherein the 
rotary position sensor is a Hall programmable sen- 
sor and further comprising: 

a flux concentrator member between the mag- 
net and the Hall sensor; and 



4. The apparatus as claimed in claim 1 wherein the 
controller is operable to apply an adjustable force 
to the electric park brake that is one of proportional 
to the inclination of the vehicle, a variable level de- 

10 pendent on the inclination of the vehicle and at least 
two force levels. 

5. The apparatus as claimed in claim 1 further com- 
prising: 

15 

a housing having a portion forming a cavity, the 
pendulum being disposed in the cavity. 

6. The apparatus as claimed in claim 5 wherein the 
20 means for pivoting includes a pivot shaft and a bear- 
ing. 

7. The apparatus as claimed in claim 1 further com- 
prising a dampening member adjacent the pendu- 

25 lum member. 
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a housing having a portion forming a cavity, the 
pendulum and the Hall sensor being disposed 
in the cavity to protect the pendulum and the 
Hall sensor. 

5 

13. A method for ascertaining the inclination of a 
motor vehicle, the method comprising the steps of: 

measuring the inclination of the vehicle relative 
to the earth's gravitational forces with a pendu- 10 
lum pivotally mounted to the vehicle and one of 
a rotary position sensor and of a rotary angle 
sensor; 

generating a signal that varies with the inclina- 
tion of the vehicle; and '5 
processing the signal by a controller to activate 
one of a vehicle-leveling device and an electric 
park brake. 

14. The method according to claim 13 further com- 20 
prising disposing a magnet member in the pendu- 
lum member and adjacent to the rotary position sen- 
sor. 

15. The method according to claim 1 3 wherein the 25 
rotary position sensor is attached to the motor ve- 
hicle so that the measuring plane of the rotary po- 
sition sensor is in a normal operating position and 
aligned with the earth's gravitational forces and the 
pendulum connected to the housing and having a 30 
magnet member and an axis that is perpendicular 

to the measuring plane and which is drawn by its 
weight toward the center of the earth and whose 
movement relative to the normal operating position 
of the sensor generates the signal. 35 

16. The method according to claim 13 wherein the 
rotary angle sensor is connected to the vehicle and 
the pendulum is pivotally connected to the rotary 
angle sensor. *o 

17. The method according to claim 13 further com- 
prising a housing having a cavity, the pendulum dis- 
posed in the cavity. 

45 

18. The method according to claim 13 wherein the 
inclination of the vehicle is determined by a rotary 
angle sensor, the rotary angle sensor is selected 
from the group consisting of an angular capacitive 
displacement transducer, and a rotary variable in- so 
ductance transducer. 

19. The method according to claim 13 wherein the 
inclination of the vehicle is determined by a rotary 
position sensor cooperating with a magnet, the ro- 55 
tary position sensor selected from the group con- 
sisting of a Hall programmable sensor, and a mag- 
netoresistive sensor. 



20. An inclination measuring apparatus for use with 
a motor vehicle having a horizontal plane when the 
motor vehicle is in a non-inclined condition, the de- 
vice comprising, in combination: 

a housing connected to the motor vehicle and 
having a portion forming a cavity; 
a pendulum member disposed in the cavity for 
pivotal movement in the housing, the pendulum 
member having one end, another end, and a 
longitudinal axis extending between the one 
end and the another end, the longitudinal axis 
being oriented to hang one of substantially nor- 
mal to the horizontal plane and aligned with the 
earth's gravitational forces when the motor ve- 
hicle is in a non-inclined condition; 
a non-contact rotary sensor attached to the ve- 
hicle having a measuring plane, the rotary sen- 
sor selected from one of a rotary position sen- 
sor and a rotary angle sensor, the movement of 
the pendulum relative to the measuring plane 
providing an input to the rotary sensor to gen- 
erate a signal to ascertain the inclination of the 
vehicle relative to one of the horizontal plane 
and the earth's gravitational forces when the 
motor vehicle is in an inclined condition; and 
a controller to process the signal, the controller 
activating one of an electric park brake and a 
vehicle-leveling device. 

21. The apparatus as claimed in claim 20 further 
comprising: 

a dampening member adjacent the pendulum. 

22. The apparatus as claimed in claim 20 wherein 
the pendulum having a portion forming an aperture 
and a magnetic member disposed in the aperture 
and wherein the rotary position sensor is adjacent 
but spaced apart from the magnetic member. 

23. The apparatus as claimed in claim 20 wherein 
the rotary position sensor is selected from the group 
consisting of a Hall programmable sensor, and a 
magnetoresistive sensor. 

24. The apparatus as claimed in claim 20 wherein 
the rotary angle sensor is selected from the group 
consisting of an angular capacitive displacement 
transducer, and a rotary variable inductance trans- 
ducer. 

25. The apparatus as claimed in claim 20 wherein 
the vehicle-leveling device is operative to control 
one of the lateral inclination of the vehicle relative 
to the ground during operation, the longitudinal in- 
clination of the motor vehicle relative to the ground 
during operation and the level of the motor vehicle 
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relative to irregular ground when parked. 

26. The apparatus as claimed in claim 20 wherein 
the pendulum is pivotally connected to the rotary 
angle sensor. s 

27. The apparatus as claimed in claim 20 wherein 
the electric park brake having at least one brake de- 
vice actuated by the controller, the controller being 
operable to apply an adjustable force to the brake io 
device. 

28. The apparatus as claimed in claim 27 wherein 
the electric park brake in response to the controller 
exerts an adjustable force on the brake device, the is 
adjustable force being one of proportional to the in- 
clination of the vehicle, at least two force levels, and 

a variable force level dependent on the inclination 
of the vehicle. 

20 

29. The apparatus as claimed in claim 20 wherein 
the vehicle-leveling device uses a source that is one 
of electrical, hydraulic and pneumatic. 

30. An inclination measuring apparatus adapted for 25 
use with a motor vehicle, the apparatus comprising, 

in combination: 

a non-contact rotary sensor connected to the 
motor vehicle, the rotary sensor having a meas- 30 
uring plane; 

a pendulum adjacent to the sensor and pivotally 
connected to the motor vehicle, the pendulum 
having a pendulous mass, the pendulous mass 
being oriented to hang substantially aligned 35 
with the earth's gravitational forces and the 
measuring plane, the movement of the pendu- 
lum relative to the measuring plane providing 
an input to the rotary sensor to generate a sig- 
nal to ascertain the inclination of the motor ve- 40 
hide relative to the earth's gravitational forces; 
and 

a controller to process the signal, the signal ac- 
tuating a control device in response to the incli- 
nation of the motor vehicle, the control device 45 
selected from one of a vehicle-leveling device 
and an electric park brake. 

31 . The apparatus as claimed in claim 30 further 
comprising a housing, the housing having a cavity so 
and a dampening member disposed in the cavity. 



33. The apparatus as claimed in claim 32 wherein 
the rotary position sensor is selected from the group 
consisting of a Hall programmable sensor, and a 
magnetoresistive sensor. 

34. The apparatus as claimed in claim 30 wherein 
the non-contact rotary sensor is a rotary angle sen- 
sor selected from the group consisting of an angular 
capacitive displacement transducer, and a rotary 
variable inductance transducer. 

35. The apparatus as claimed in claim 30 wherein 
the vehicle leveling device is selected from one of 
a lateral inclination device, a longitudinal inclination 
device, and a chassis-leveling device. 

36. The apparatus as claimed in claim 30 wherein 
the pendulum is attached to the rotary sensor. 

37. The apparatus as claimed in claim 30 wherein 
the control device applies an adjustable force to the 
electric park brake. 

38. The apparatus as claimed in claim 30 wherein 
the control device is operable to level and stabilize 
a motor vehicle parked on an irregular surface. 

39. The apparatus as claimed in claim 30 wherein 
the control device is operable to level the chassis 
relative to the frame of the motor vehicle during op- 
eration of the motor vehicle. 



32. The apparatus as claimed in claim 30 wherein 
the pendulum having a portion forming an aperture 
and a magnetic member disposed in the aperture, 55 
the magnetic member forming a magnetic field, and 
wherein the non-contact position sensor is a rotary 
position sensor adjacent but spaced apart from the 
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